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Abstract 

The calanoid copepod Labidocera aesliva was reared in the laboratory to as¬ 
certain the effects of photoperiod and temperature on subitaneous and diapause 
egg production. The results indicate that photoperiod is the primary stimulus reg¬ 
ulating the type(s) of eggs produced by a female, but that the temperature regimen 
can modify this effect. Under short daylength photoperiods ( e.g ., 8L:16D) subi¬ 
taneous egg production is increased by increasing the temperature regimen from 
15.0°C or 19.0°C to 25.0°C. However, under long daylength regimens (e.g., 
18L:6D) females appear to be unresponsive to temperature changes within the 
range of 15.0°C to 25.0°C. It is suggested that this response to photoperiod and 
temperature more accurately couples the life cycle of L. aesliva with seasonal 
environmental fluctuations. 


Introduction 

Research investigations of the last 10 years have made it increasingly evident 
that many marine calanoid copepods and other zooplankton have dormant stages 
(Onbe, 1978; Paranjape, 1980; Coull and Grant, 1981; review by Grice and Marcus, 
1981). Diapause stages are a critical phase in the life cycle of these animals because 
they make possible long-term survival during periods unfavorable for continuous 
development. Elucidation of factors that influence the induction, maintenance, and 
termination of diapause should make possible more accurate predictions of seasonal 
fluctuations in the composition of plankton communities, and provide life history 
information needed to model and manage marine ecosystems. 

At the northern edge of its range in Vineyard Sound, MA, Labidocera aestiva 
occurs seasonally in the plankton (Fish, 1925; Marcus, 1979). Adults appear in 
early summer and give rise to a series of overlapping generations. Nauplii, cope- 
podites, and adults disappear from the plankton by the end of December, but the 
species remains in the area as a benthic diapause egg. The seasonal production of 
subitaneous and diapause eggs by L. aestiva in Vineyard Sound has been docu¬ 
mented (Marcus, 1979), and it has been demonstrated for laboratory-reared females 
that photoperiod influences the type(s) of eggs produced (Marcus, 1980, 1982). 

The results reported herein substantiate the importance of photoperiod as a 
factor regulating the phenology of L. aestiva. The data indicate that a short day- 
length photoperiod (e.g. 8L:16D) is the primary cue that triggers diapause egg 
production, but that the temperature regimen can modify this effect. The influence 
of these two environmental parameters on the life history pattern and population 
biology of L . aestiva in Vineyard Sound is discussed. 
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Materials and Methods 

Labidocera aestiva individuals were reared from the first naupliar stage to 
reproductive maturity in 19 1 glass carboys. The apparatus and procedure for rearing 
the nauplii, copepodites, and adults of L. aestiva is described in Marcus (1980). 
The same schedule for feeding, transfer of animals to clean seawater, and egg 
collection was followed throughout this study. 

Experimental populations were initiated in each carboy with 200 nauplii derived 
from subitaneous or chilled diapause eggs. The eggs were produced by freshly 
collected females from Vineyard Sound or by females reared (first or second gen¬ 
eration) in the laboratory. The animals in each carboy were reared at a constant 
temperature (14.5°, 18.0°, or 24.0° ± 1.0°C) and photoperiodic regimen (8L:16D, 
12L:12D, or 18L:6D). Nine different combinations of photoperiod and temperature 
were analyzed. Seven were examined in this study, and two previously (Marcus, 
1980). Two to five replicate experiments were conducted for each combination. 
When egg production began, the number of males and females in each carboy was 
equalized at 20-30 copepods of each sex. This was done by filtering the contents 
of the carboy according to the usual procedure (see Marcus, 1980) and removing 
adults at random from the filtrate with a wide-mouth pipette. 

Eggs were collected from each carboy every 2-3 days for 6-14 days. For each 
collection a sample of 100-120 eggs from the total number of eggs obtained from 
the carboy that day, was placed in a dish containing glass fiber filtered seawater 
and incubated at 25.0°C and 12L:12D to hasten the time to hatching. After 4-5 
days (initial) the number of hatched eggs was determined. The unhatched eggs 
were placed in jars containing filtered seawater and chilled at 5.0°C for a minimum 
of 40 days. At the end of this interval, the eggs were warmed at 25.0°C and the 
number that hatched (final) was ascertained. The proportion of subitaneous eggs 
produced was calculated by dividing the initial hatch by the total number of eggs 
in the sample. The proportion of diapause eggs produced was calculated by dividing 
the final hatch by the total number of eggs in the original sample. The remaining 
portion was classified as non-viable. All values were converted to percentages to 
facilitate comparison between samples and replicate carboys. Overall values for 
subitaneous, diapause, and non-viable egg production for each carboy were cal¬ 
culated as the mean of values for each collection day. After arc sine transformation 
of the percentage values, the analysis of variance was used to test for significant 
differences between means. Body size was estimated by preserving a minimum of 
20 adult males and 20 females from each carboy in 5% buffered formalin, and 
subsequently measuring them to determine cephalothorax and total length. 

Results 

The ages of laboratory-reared Labidocera aestiva at the onset of egg production 
were 26.6 ± 3.1 days at 13.5°-15.5°C, 21.5 ± 3.4 days at 17.0°-19.0°C, and 16.4 
± 2.4 days at 23.0°-25.0°C. More than 60% of the individuals survived to adulthood 
in each experimental carboy. The total number of eggs removed from a carboy was 
determined for most, but not all days that eggs were collected. Values ranged from 
several hundred to a few thousand eggs in each carboy per day. For some carboys 
the number of eggs collected per day varied by an order of magnitude. However, 
these differences had no obvious influence on the proportions of subitaneous, dia¬ 
pause, and non-viable eggs produced because the values were comparable in all 
instances. 

The percentages of eggs that hatched initially at 25.0°C and that which hatched 
after prolonged exposure to 5.0°C are shown for each carboy in Tables I and II. 
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Table I 

Percent hatch of eggs produced by females reared at 23.0°C-25.0°C under 8L:16D, 12L.12D, or 
18L.6D. Eggs that did not hatch within 4-5 days at 25.0°C {initial) were incubated in jars at 5.0°C. 
The final hatch of these eggs at 25.0°C is indicated, as well as the cephalothorax (CT) and total 
body (TL) lengths in millimeters attained by adult males and females for each carboy. X = mean 
± S.E. The blanks indicate that no eggs were incubated . 


Adult size attained (±S.D.) 
Percent hatch (±S.D.) - 


Photo¬ 

period 

Carboy 

no. 

Initial 

25°C 

Final 5°C 

Female 

Male 

CT 

TL 

CT 

TL 

8L:16D 

1 

21.5 ± 25.2 

87.5 ± 1.9 

1.48 ± .06 

1.98 ± .08 

1.43 ± .04 

1.89 ± .08 


2 

37.5 ± 16.3 

80.5 ± 13.5 

1.48 ± .04 

1.98 ± .05 

1.41 ± .07 

1.84 ± .06 


3 

17.6 ± 12.0 

82.3 ± 3.8 

1.55 ± .05 

2.06 ± .07 

1.51 ± .05 

1.96 ± .07 


4 

51.8 ± 21.1 

79.1 ± 2.8 

1.46 ± .04 

1.96 ± .06 

1.40 ± .03 

1.82 ± .05 

X 


32.1 ± 7.9 

82.4 ± 1.8 

1.49 ± .02 

2.00 ± .02 

1.44 ± .02 

1.88 ± .03 

12L:12D 

5 

81.0 ± 14.0 

87.5 ± 8.5 

1.59 ± .05 

2.10 ± .06 

1.43 ± .06 

1.88 ± .05 


6 

61.5 ± 29.0 

45.0 ± 2.7 

1.65 ± .05 

2.20 ± .04 

1.57 ± .01 

2.10 ± .01 


7 

65.5 ± 15.3 

14.0 ± 14.0 

1.59 ± .01 

2.15 ± .04 

1.53 ± .03 

2.05 ± .01 


8 

62.0 ± 20.4 

18.0 ± 0.0 

1.73 ± .07 

2.32 ± .10 

1.51 ± .07 

2.07 ± .08 

X 


67.5 ± 1.6 

41.1 ± 16.9 

1.64 ± .03 

2.19 ± .05 

1.51 ± .03 

2.03 ± .05 

18L:6D 

9 

90.0 ± 3.2 

2.0 ± 2.0 

1.47 ± .05 

1.95 ± .06 

1.42 ± .05 

1.85 ± .06 


10 

84.3 ± 6.0 

— 

1.51 ± .07 

2.01 ± .09 

1.43 ± .07 

1.86 ± .09 


11 

88.7 ± 5.5 

— 

1.53 ± .10 

2.03 ± .11 

1.45 ± .05 

1.94 ± .07 


12 

91.8 ± 2.5 

— 

1.51 ± .08 

1.99 ± .08 

1.44 ± .05 

1.89 ± .06 


13 

91.5 ± 2.5 

— 

1.56 ± .06 

2.08 ± .08 

1.48 ± .05 

1.98 ± .07 

X 


89.3 ± 1.4 

2.0 ± 2.0 

1.52 ± .01 

2.01 ± .02 

1.44 ± .01 

1.90 ± .02 


For each photoperiodic and temperature regimen the F values for the transformed 
data are less than the tabular values at the 5% level and therefore indicate no 
significant differences between the means of replicate carboys. The average per¬ 
centages of subitaneous, diapause, and non-viable eggs produced at each photo- 
periodic and temperature combination are depicted in Figure 1. The values shown 
for 8L:16D and 18L:6D at 13.5°-15.5°C were derived from the results of Marcus 
(1980). The type(s) of eggs produced was affected primarily by photoperiod. Re¬ 
gardless of temperature, the greatest percentage of subitaneous eggs was produced 
at 18L:6D. Within the framework of a 24 h regimen, as the period of light was 
reduced (and dark increased) the percentage of subitaneous eggs declined, while 
the percentage of diapause eggs increased. For example, at 23.0°-25.0°C subita¬ 
neous egg production varied from 89.3% at 18L:6D to 67.5% at 12L:12D, to 32.1% 
at 8L:16D. Diapause egg production for these same conditions was 0.2%, 13.4%, 
and 55.9% respectively. The same trend in the types of eggs produced was observed 
for the experiments conducted at 17.0°-19.0°C, and at 13.5°-15.5°C (see Marcus, 
1980). For all but one combination of photoperiod and temperature, 10.5-19.6% 
of the eggs were non-viable. The exception, 13.5°-15.5°C and 12L:12D, had a high 
proportion of non-viable eggs (35.1%) and an unexpectedly low percentage of dia¬ 
pause eggs (15.9%). However, the percentage of subitaneous eggs was not unusual. 

The temperature regimen to which animals were exposed affected the types of 
eggs produced less than did photoperiod (Figure 1; Tables I, II). For the two cooler 
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Table II 


Percent hatch of eggs produced by females reared at 17.0°-19.0°C under 8L.16D, or 12L.12D and 
18L.6D and at 13.5°-15.5°C under 12L.12D. Refer to Table I for an explanation of the hatch and 

size data. 


Photo¬ 

period 

Carboy 

no. 

Percent hatch (±S.D.) 


Adult size attained (±S.D.) 

Female 

Male 

Initial 

25°C 

Final 5°C 

CT 

TL 

CT 

TL 




Temperature 17.0°-19.0°C 



8L: 16D 

14 

14.4 ± 8.7 

69.8 ± 5.8 

1.60 ± .07 

2.08 ± .31 

1.50 ± .06 

1.96 ± .08 


15 

14.0 ± 5.6 

83.7 ± 7.8 

1.64 ± .09 

2.17 ± .11 

1.53 ± .07 

1.97 ± .08 

X 


14.2 ± 0.2 

76.7 ± 6.9 

1.62 ± .02 

2.13 ± .05 

1.52 ± .02 

1.97 ± .01 

12L: 12D 

16 

52.3 ± 25.1 

79.0 ± 9.1 

1.49 ± .06 

1.97 ± .09 

1.43 ± .06 

1.88 ± .08 


17 

47.3 ± 16.0 

68.3 ± 2.7 

1.57 ± .06 

2.09 ± .08 

1.46 ± .05 

1.90 ± .07 

X 


49.8 ± 2.5 

73.7 ± 5.3 

1.53 ± .04 

2.03 ± .06 

1.45 ± .02 

1.89 ± .01 

18L:6D 

18 

90.3 ± 4.9 

0.0 

1.56 ± .06 

2.05 ± .06 

1.46 ± .07 

1.90 ± .09 


19 

86.0 ± 6.1 

2.0 ± 2.0 

1.53 ± .06 

2.04 ± .08 

1.47 ± .10 

1.89 ± .08 

X 


88.2 ± 2.2 

1.0 ± 1.0 

1.55 ± .02 

2.05 ± .01 

1.47 ± .01 

1.90 ± .01 




Temperature 13.5°-l 5.5° C 



12L: 12D 

20 

53.8 ± 19.4 

18.5 ± 9.0 

1.73 ± .09 

2.34 ± .06 

1.67 ± .07 

2.34 ± .06 


21 

56.5 ± 16.8 

7.8 ± 10.7 

1.72 ± .08 

2.37 ± .12 

1.62 ± .05 

2.22 ± .08 


22 

34.5 ±17.1 

14.0 ± 8.4 

1.70 ± .08 

2.32 ± .09 

1.60 ± .04 

2.13 ± .08 


23 

51.3 ± 4.1 

84.2 ± 6.3 

1.64 ± .05 

2.19 ± .07 

1.57 ± .07 

2.07 ± .11 

X 


49.0 ± 5.0 

31.1 ± 17.8 

1.70 ± .02 

2.31 ± .04 

1.62 ± .02 

2.19 ± .06 


regimens (13.5°-15.5°C, and 17.0°-l9.0°C) the percentage of subitaneous eggs 
produced was comparable at each photoperiodic regimen, but at 23.0°-25.0°C the 
percentage of subitaneous eggs produced was markedly greater for the two shorter 
photoperiodic regimes (8L:16D and 12L:12D). At 18L:6D no temperature effect 
was observed. The percentage of diapause eggs obtained was minimal (0.2%) under 
18L:6D at both 17.0°-19.0°C and 23.0°-25.0°C. 

The body length of adult males and females reared in replicate carboys for each 
combination of photoperiod and temperature were similar (Tables I and II). For 
each experimental regimen females were longer than males (both cephalothorax 
and total length). Body length was inversely correlated with temperature. For the 
two cooler regimens body length and day length were inversely correlated, however, 
this relationship was not evident at 23.0°-25.0°C (Figure 2). 

Discussion 

This study demonstrates the primary importance of photoperiod as a trigger 
for the induction of diapause in Labidocera aestiva , and a compensatory role for 
temperature. This is the first report of such an interaction for a marine copepod, 
although this relationship has been shown for many terrestrial and freshwater 
arthropods (Danilevsky, 1965; Hutchinson, 1967; Mansingh, 1971; Watson and 

















DIAPAUSE IN L. AESTIVA 


49 


100 


Non-viabie 


50 



100 


Diapause 


c 



100 


Subitaneous 


50 



8 12 18 


Hours of light 


Figure 1 . Subitaneous, diapause, and non-viable egg production (percent) by females reared under 
8L:16D, 12L:12D, and 18L:6D at 13.5°-15.5°C (white), 17.0°-19.0°C (black), and 23.0°-25.0°C 
(dots). At 13.5°-15.5°C and 18L:6D only subitaneous egg production was determined. 

Smallman, 1971; Beck, 1980). For each temperature regimen tested, the proportion 
of diapause eggs produced by the laboratory-reared L. aestiva was greatest at 
8L:16D and declined as the period of experimental daylength was increased. This 
response was balanced by a reverse trend for subitaneous egg production. The 
percentages of subitaneous and diapause eggs produced was most affected by photo¬ 
period, and the values are comparable to values reported for animals collected from 
Vineyard Sound at times of the year with correspondingly equivalent daylength 
periods (Marcus, 1979, 1980). Subitaneous egg production is maximal under long 
daylength conditions which prevail during the summer, whereas diapause egg pro¬ 
duction is greatest under periods of short daylength during the fall. Although 
photoperiod is the primary factor controlling diapause and subitaneous egg pro¬ 
duction, temperature may modify this influence. Within the range of temperature 
(15.0°-19.0°C) usually encountered in Vineyard Sound during September and 
October, the proportion of subitaneous eggs produced by laboratory-reared cope- 
pods is similar for any given photoperiod. However, for short daylength periods 
( e.g ., less than 12L: 12D), warm temperatures ( e.g ., 25.0°C) induce a greater pro¬ 
portion of subitaneous eggs (Table I; Figure 1). These photoperiods prevail in 
Vineyard Sound after mid-September until the vernal equinox. If water temper¬ 
atures were unseasonably warm one fall, then the usual decline in subitaneous egg 
production should be postponed or more gradual. This would enable the population 
to take advantage of the longer growing season due to warmer temperature and 
maximize the number of individuals in that year’s population. Although the effect 
of temperatures below 13.5°C were not investigated, if water temperatures were 
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Figure 2. Cephalothorax length of adult females reared in the laboratory under different photo- 
period and temperature regimens. The period of light is indicated. Temperatures are ±1.0°C. 


unseasonably cold the reverse effect might occur, so that diapause egg production 
would increase earlier in the year. This response would ensure a maximum number 
of individuals in the next year’s population. Adult L. aestiva disappear from the 
plankton by mid-December and do not appear again in Vineyard Sound until late 
May or June. At this time water temperatures are usually 15.0°-20.0°C and day- 
lengths exceed 12 hours. Under long day photoperiods ( e.g ., 18L:6D) in the lab¬ 
oratory, the type(s) of eggs produced is unaffected by temperatures of 15.0°- 
25.0°C. These results suggest that if water temperatures are unseasonably cool 
during the spring and early summer in Vineyard Sound, L. aestiva will nevertheless 
continue to maximize subitaneous egg production, and thereby promote rapid in¬ 
crease in the population size of the species during the summer. I have studied the 
population of L. aestiva in Vineyard Sound since 1977 and have never obtained 
diapause eggs from early summer females (Marcus, 1979; and unpublished obser¬ 
vations). Thus under natural conditions the combined influence of photoperiod and 
temperature should more accurately couple the type(s) of eggs produced by L. 
aestiva with year to year environmental fluctuations. 

The body lengths attained by males and females under the different temperature 
regimens are similar to the sizes of animals collected in Vineyard Sound (Marcus, 
1979). The laboratory reared specimens also express an inverse relationship between 
body size and temperature as documented for L. aestiva from the field (Deevey, 
1960; Marcus, 1979). Interestingly, for the two cooler regimens tested in the lab¬ 
oratory there also appears to be an inverse correlation between body length and 
daylength (Figure 2). This trend was noted previously by Marcus (1980). Two 
explanations suggested then to account for the observed relationship were that 
photoperiod influences body length indirectly either by affecting the thermal regime 
in the laboratory incubator, or the period of grazing activity and thus food con¬ 
sumption. These two hypotheses are applicable to the present investigation. A third 
possible mechanism is that photoperiod directly determines body size by affecting 
specific growth rate processes. Although temperature is probably the most impor- 






DIAPAUSE IN L. AESTIVA 


51 


tant factor regulating body size of copepods (Coker, 1933; Aycock, 1942; Deevey, 
1960), it has been shown for several insects (see review by Beck, 1980) and aquatic 
Crustacea (Sandoz and Rogers, 1944; Auvray and Dussart, 1966; Starkweather, 
1976; Dailey, 1980; Steele, 1981) that photoperiod directly influences some phys¬ 
iological, behavioral, developmental, and reproductive processes. Further experi¬ 
ments conducted under carefully controlled conditions specifically with regard to 
diet and temperature should help to clarify this intriguing and important problem. 

The findings of the present and previous (Grice and Gibson, 1975; Marcus, 
1979, 1980) investigations of L. aestiva suggest that the diapause response of marine 
copepods is analogous to the response of many terrestrial and freshwater arthropods 
(see reviews by Hutchinson, 1967; Elgmork and Nilssen, 1978; Beck, 1980). As 
in many of these organisms, the embryonic diapause of L. aestiva is triggered by 
a temperature compensated photoperiodic response. Other factors such as food 
quality or quantity, and the numerical density of L. aestiva may modify this in¬ 
duction response, but this has yet to be demonstrated for this species nor for any 
other marine crustacean. There are also similarities in regard to the maintenance 
and termination of diapause. The duration of the refractory phase (Watson and 
Smaliman, 1971) is reduced by exposing diapause eggs to cold temperatures. Such 
treatment results in synchronous hatching once the eggs are subjected to warmer 
temperatures (Marcus, 1979). Like insects the life cycle stage that is dormant 
varies among copepods. Embryonic diapause is expressed by several calanoid co¬ 
pepods (see review by Grice and Marcus, 1981), and naupliar (Coull and Dudley, 
1976), copepodite (Marshall and Orr, 1955; Davis, 1976) and adult (Coull and 
Grant, 1981) dormant stages are known for harpacticoid, cyclopoid, and other 
calanoid copepods. 

From an evolutionary standpoint it is intriguing that a wide variety of organisms 
in the terrestrial, freshwater, and marine systems have evolved parallel adaptations 
and life history cycles to cope with environmental (biotic and abiotic) adversity. 
In some instances the pattern of variation of the selective factor is comparable 
( e.g . seasonal fluctuations of temperature), and the regulation of the response is 
similar (e.g. shortday photoperiodic response). However, not all environmental fac¬ 
tors vary in the same way in each system. In terrestrial systems, small ponds, and 
the marine intertidal, water is a limiting factor, and during the dry periods many 
organisms undergo diapause. These stages are highly resistant to dessication. How¬ 
ever, diapausing organisms inhabiting large lakes and the marine subtidal do not 
experience comparable periods of dryness. It would be valuable to determine 
whether the diapause stages of these animals are also resistant to desiccation, or 
whether they reflect some other attribute which is uniquely associated with their 
aquatic habit. Another parameter that differs among these habitats is the daily 
temperature regimen. In the terrestrial system many animals are exposed to a 
thermoperiod coincident with the day-night cycle. For some of these animals (see 
Beck, 1980) the temperature of the dark phase, but not the light phase, influences 
the diapause response. Such, daily temperature fluctuations are generally minimized 
in the ocean, and thus marine zooplankton may not reflect a parallel response. On 
the other hand, in thermally stratified waters zooplankton that migrate vertically 
might experience diurnal differences in temperature. If such animals moved into 
surface waters at night to feed and descended to deep waters during the day they 
would experience warmer temperatures at night than during the day. This daily 
thermoperiod would be the opposite of that encountered by animals in the terrestrial 
system and nighttime temperatures might influence the diapause response of such 
organisms in the reverse direction. Differences such as these might lead to subtle 
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but distinct variations in the expression of diapause by organisms that dwell in the 
terrestrial, fresh water, and marine systems. 

Acknowledgments 

I thank A. Bucklin, T. Cowles, and G. Grice for their helpful comments on the 
manuscript and Carol Riley for her assistance with the research. Supported by 
NSF Grants OCE78-08857 and OCE80-24440. 

LITERATURE CITED 

Auvray, C., and B. Dussart. 1966. Role de quelques facteurs du milieu sur le developpement post- 
embryonnaire des cyclopides (Crustaces Copepodes). Bull. Soc. Zool. Fr. 91: 477-481. 

Aycock, D. 1942. Influence of temperature on size and form of Cyclops vernalis Fischer. Journal 
Elisha Mitchell Scientific Society 58: 84-93. 

Beck, S. 1980. Insect Photoperiodism. Academic Press, New York, 387 pp. 

Coker, R. E. 1933. Influence of temperature on size of freshwater copepods (Cyclops). Internationale 
revue de gesamten Hydrobiologie and Hydrographie 29: 406-436. 

Coull, B., and B. Dudley. 1976. Delayed naupliar development of meiobenthic copepods. Biol. Bull. 
150: 38-46. 

Coull, B., and J. Grant. 1981. Encystment discovered in a marine copepod. Science 212: 342-344. 

Dalley, R. 1980. The survival and development of the shrimp Crangon crangon (L.), reared in the 
laboratory under non-circadian light-dark cycles. J. Exp. Mar. Biol. Ecol. 47: 101-112. 

Danilevsky, A. 1965. Photoperiodism and Seasonal Development of Insects. 1st English edition. Oliver 
and Boyd, Edinburgh. 

Davis, C. 1976. Overwintering strategies of common planktic copepods in some North Norway fjords 
and sounds. Astarte 9: 37-42. 

Deevey, G. 1960. Relative effects of temperature and food on seasonal variations in length of marine 
copepods in some American and western European waters. Bull. Bingham Oceanog. Collect. 
Yale Univ. 17: 54-86. 

Elgmork, K., and J. Nilssen. 1978. Equivalence of copepod and insect diapause. Verb. Inter. Ver. 
Limnol. 20: 2511-2517. 

Fish, C. 1925. Seasonal distribution of the plankton of the Woods Hole region. Bull. Bureau Fish. 41: 
91-179. 

Grice, G., and V. Gibson. 1975. Occurrence, variability, and significance of resting eggs of the calanoid 
copepod, Labidocera aestiva. Mar. Biol. 31: 335-357. 

Grice, G., and N. Marcus. 1981. Dormant eggs of marine copepods. Oceanogr. Mar. Biol. Ann. Rev. 
19: 125-140. 

Hutchinson, G. E. 1967. A Treatise on Limnology. Vol. II. Introduction to Lake Biology and Lim- 
noplankton. John Wiley and Sons, Inc. New York. 1115 pp. 

Mansingh, A. 1971. Physiological classification of dormancies in insects. Can. Entomologist 103: 983- 
1009. 

Marcus, N. H. 1979. On the population biology and nature of diapause of Labidocera aestiva (Co- 
pepoda: Calanoida). Biol. Bull. 157: 297-305. 

Marcus, N. H. 1980. Photoperiodic control of diapause in the marine calanoid copepod Labidocera 
aestiva. Biol. Bull. 159: 311-318. 

Marcus, N. H. 1982. The reversibility of subitaneous and diapause egg production by individual females 
of Labidocera aestiva (Copepoda: Calanoida). Biol. Bull. 162: 39-44. 

Marshall, S., and A. Orr. 1955. The biology of a Marine Copepod, Calanus finmarchicus (Gun- 
nerus). Oliver and Boyd, Edinburgh. 188 pp. 

Onbe, T. 1978. The life cycle of marine cladocerans. Bull. Plankton Soc. Japan 25: 41-54. 

Paranjape, M. 1980. Occurrence and significance of resting cysts in a hyaline tintinnid, Helicostomella 
subulata (Ehre.) Jorgensen. J. Exp. Mar. Biol. Ecol. 48: 23-34. 

Sandoz, M., and R. Rogers. 1944. The effect of environmental factors on hatching, moulting, and 
survival of zoea larvae of the blue crab Callinectes sapidus Rathbun. Ecology 25: 216-228. 

Starkweather, P. 1976. Influences of light regime on postembryonic development in two strains of 
Daphnia pulex. Limnol. Oceanogr. 21: 830-837. 

Steele, V. 1981. The effect of photoperiod on the reproductive cycle of Gammarus lawrencianus 
Bousfield. J. Exp. Mar. Biol. Ecol. 53: 1-7. 

Watson, N., and B. Smallman. 1971. The role of photoperiod and temperature in the induction and 
termination of arrested development in two species of freshwater cyclopoid copepods. Can. J. 
Zool. 49: 855-862. 


